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V  Introduction 


Mammography  is  the  most  effective  means  of  detecting  nonpalpable  breast  cancer.  However, 
its  specificity  is  only  20-30%,  with  a  sensitivity  of  85%  (Khalkhali  et  al.,  1992;  Baines  et  al., 
1986).  One  out  of  2  to  6  biopsies  performed  following  diagnosis  by  mammography  are  malignancies 
(Baines  1986,  Tabor  1984).  In  physical  examination  results,  one  out  of  5  to  9  biopsies  are  found 
to  be  malignant.  Normally  several  biopsies  are  performed  per  lesion.  It  is  important  to  improve 
the  specificity  of  mammography  to  reduce  observational  and  interpretational  errors,  patient  trauma 
and  disfiguration  from  unnecessary  biopsies.  It  is  also  important  to  reduce  health  care  costs  by 
decreasing  the  number  of  unnecessary  biopsies.  To  detect  100,000  non  palpable  cancers  500,000 
biopsies  were  performed  at  approximately  $5,000  per  biopsy,  a  total  cost  of  $2.5B.  A  reduction 
of  50%  will  save  about  $  1 .2B  per  year.  Therefore,  a  new  diagnostic  imaging  technique  that  can 
be  used  as  an  adjunctive  imaging  modality  to  positive  mammograms  could  aid  in  diagnosis, 
reduce  interpretational  errors  and  provide  cost  reductions. 

Palpable  mass  abnormalities  of  the  breast  are  often  difficult  to  evaluate  mammographically, 
especially  in  patients  with  fibrocystic  change  and  dense  or  dysplastic  breasts,  therefore  potential 
for  making  interpretational  errors  is  large.  About  35%  of  older  women  over  50  and  70%  of  the 
woman  under  50  have  dense  breasts  (Tabor  1993).  For  example,  it  is  found  that  invasive  lobular 
carcinoma  in  dense  breasts  can  attain  a  size  of  several  centimeters  and  may  still  lack  mammographic 
signs.  About  50%  of  all  preinvasive  cancers  do  not  show  mammographically  significant 
calcifications  (Holland  et  al.,  1983),  decreasing  the  chance  of  detecting  malignant  tumors.  There 
are  also  mammographically  occult  breast  cancers  that  are  not  on  a  mammogram  (Holland,  et  al., 
1983).  This  is  a  situation  where  interpretational  error  in  mammography  is  close  to  100%.  Once 
a  patient  is  found  to  have  a  condition  in  which  mammography  is  difficult,  the  patient  should  be 
imaged  by  another  modality. 

Patients  who  are  in  a  high  risk  category  for  the  development  of  breast  cancer  (i.e.,  patients 
with  a  family  history  of  breast  cancer,  patients  with  prior  histologic  evidence  of  cellular  atypia, 
patients  with  a  prior  history  of  breast  cancer  who  have  undergone  lumpectomy  and  radiation 
therapy)  may  be  difficult  to  evaluate  and  follow  mammographically  because  of  a  dense 
fibroglandular  pattern  of  physical  changes  caused  by  radiation  (Waxman  et  al.,  1993a).  Currently, 
the  only  established  method  to  resolve  such  a  dilemma  is  random  tissue  biopsies  in  a  suspicious 
area  which  is  usually  attended  by  high  nonmalignant-to-malignant  biopsy  ratios.  These  cases 
may  be  evaluated  by  a  technique  that  is  not  affected  by  dense  fibroglandular  patterns. 

It  has  been  demonstrated  that  treatment  of  palpable  breast  masses  may  be  adversely  affected 
when  the  clinician  delays  biopsy  (Burns  et  al.,  1978,  1979;  and  Mann  et  al.,  1983).  Mann  et  al. 
(1983)  demonstrated  that  a  false  negative  mammogram  may  cause  a  considerable  delay  in  the 
decision  to  biopsy  a  patient  subsequently  shown  to  have  carcinoma  of  the  breast.  Such  cases 
need  significant  improvement  in  mammography  and/or  another  modality  to  supplement 
mammography. 

For  a  positive  mammogram  it  may  be  less  traumatic  and  more  cost  effective  to  quickly 
follow  up  with  a  scintimammography  to  determine,  on  that  patient‘s  visit,  if  the  lesion  is  cancerous. 
If  it  is  found  to  be  malignant,  the  tumor  could  be  localized  and  biopsied  (e.g.  fine  needle)  using 
the  same  system. 

It  is  important  to  diagnose  metastatic  tumors  in  other  parts  of  the  breast,  as  well  as  metastases 
in  the  axillary  lymph  nodes,  allowing  accurate  staging  of  disease  non  invasively.  This  functionality 
will  require  a  three  dimensional  imaging  system.  In  addition,  the  proposed  scintimammography 
system  can  be  used  to  determine  if  all  of  the  primary  lesion  has  been  removed. 

A  new  high  sensitivity  three-dimensional  scintimammography  system  is  proposed  as  a 
complementing  modality  to  mammography  to  solve  the  problems  stated  above.  The  system  at 
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present  is  based  on  the  higher  malignant  tissue  uptake  of  Tc-99m  SestaMIBI  and/or  Tl-201 
chloride  compared  to  benign  masses  (except  for  some  highly  cellular  adenomas)  shown  by 
clinical  trials  (Waxman  et  ah,  1989,  1990,  1993a,  b;  Campeau  et  al.,  1992;  Khalkhali  et  ah,  1992, 
1993a,  b).  Therefore,  these  radiopharmaceuticals  can  be  used  to  help  diagnose  and  differentiate 
breast  tumors  from  benign  growths.  The  Tc-99m  SestaMIBI  is  found  to  be  superior  to  Tl-201  by 
Waxman  et  al.  (1993b)  and  Khalkhali  et  al.  (1993b)  has  studied  578  patients  with  excellent 
sensitivity.  Possible  mechanisms  for  uptake  of  Tl-201  chloride  into  tumor  cells  include  the 
action  of  the  ATPase  sodium-potassium  transport  system  in  the  cell  membrane  which  creates  an 
intracellular  concentration  of  potassium  greater  than  the  concentration  in  the  extracellular  space 
(Britten  and  Blank,  1968).  Thallium  is  thought  to  be  influenced  significantly  by  this  system  in 
tumors  (Muranake,  1981;  and  Sessler  et  al.,  1986).  In  addition,  a  co-transport  system  has  been 
identified  which  also  is  felt  to  be  important  in  uptake  of  thallium  by  tumor  cells  (Sessler  et  al., 
1986).  The  mechanism  of  Tc-99m  SestaMIBI  accumulation  in  tumors  is  not  clear  but  appears  to 
be  related  to  a  170kDa  P-glycoprotein  which  is  a  plasma  membrane  transport  protein  (Piwnica- 
Worms,  1993). 


V.  1  Background 

The  first  detection  of  Tl-201  uptake  of  breast  tumor  was  a  serendipitous  discovery  (Cox  et  al, 
1976).  Hisada  et  al.  (1978)  also  saw  the  same  effect.  Recently  several  researchers  have  carried 
out  patient  studies  and  shown  the  importance  of  Tc-99m  MIBI  and/or  Tl-201  scintigraphy  (Waxman 
et  al.,  1989,  1990,  1993a,  b;  Campeau  et  al.,  1992;  and  Khalkhali  et  al.,  1992,  1993a,  b).  One  of 
the  prospective  studies  of  Tc-99m  SestaMIBI  showed  a  94%  sensitivity  and  70%  specificity  for 
detecting  malignant  breast  lesions  in  patients  with  abnormal  mammograms  or  physical  examinations 
(Khalkhali  1993,  1994a,  b).  Moreover,  the  positive  predictive  value  of  this  study  was  60%  and 
the  negative  predictive  value  was  96%.  In  this  study,  the  lesion  sizes  were  on  average  1.9  cm  ± 
1.7  cm  in  diameter.  In  another  study,  a  comparison  of  Tl-201  and  Tc-99m  SestaMIBI  was  done 
on  in  26  patients  with  primary  malignancy  (Waxman  1993,  1994)  again  showing  the  potential 
utility  of  scintimammography.  This  study  showed  a  higher  sensitivity  for  lesion  detection  using 
Tc-99m  MIBI  in  the  primary  lesion  (100%  vs  92%),  and  axillary  lymph  nodes  (100%  vs  86%), 
however  specificity  of  breast  primary  lesions  was  less  with  Tc-99m  MIBI  (85%  vs  100%). 
Recently  equally  encouraging  results  have  also  been  reported  for  Tc-99m  Methylene  Diphosphonate 
(MDP)  with  a  sensitivity  of  92%  and  a  specificity  of  95%  (Piccolo  et  al.  1995). 


V .  2  Scope  of  Research 

The  proposed  scintimammography  system  is  a  new  approach  to  gamma  ray  imaging.  It  uses 
the  Compton  double  scatter  technique  to  determine  the  direction  of  the  incident  photon  directly. 
This  eliminates  the  requirement  for  a  collimator  and  significantly  increases  the  detection  efficiency. 
The  objectives  of  the  proposed  research  and  development  are  to  build  a  fully  functional  prototype 
high  sensitivity  scintimammography  system  (see  Figure  l)which  will  be  capable  of  the  following 
applications  for  breast  cancer  diagnosis,  detection  and  treatment: 

1.  Differentiation  of  malignant  tumors  from  benign  masses  and  reduction  of  false  negative 
biopsies  performed  due  to  interpretational  errors  common  in  mammography. 

2.  Detection  of  nonpalpable  cancerous  lesions  in  women  who  cannot  be  screened  effectively 
by  mammography. 

3.  Three-dimensional  imaging  of  the  malignant  tumor(s)  so  that  the  lesion(s)  can  be  located, 
immediately  biopsied  or  locating  wire  tags  can  be  placed  for  the  surgeon. 

4.  Imaging  during  surgery  for  localization  and  surgical  confirmation  of  the  excised  tumor  or 
detection  of  remaining  malignant  tissue. 

The  technical  objectives  are: 
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1.  Improve  gamma  ray  detection  efficiency  to  5%  -  10%  a  factor  of  50  to  100  times  higher 
than  the  present  high  resolution  gamma  cameras  and  reduce  patient  dose  or  observation 
time,  respectively. 

2.  Achieve  spatial  resolution  for  locating  point  size  tumors  to  <  3  mm. 

3.  Determine  the  energy  of  the  incident  gamma  ray  with  high  resolution  to  discriminate 
scattered  gamma  ray  background  and  enhance  the  image. 

4.  Produce  three-dimensional  images  of  the  breast  for  locating  cancerous  lesions. 


Side  view  Top  view 


Figure  1.  A  preliminary  diagram  of  the  proposed  prototype  scintimammography  system. 
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VI  Body  of  Report 

Due  to  the  large  number  of  detector  channels  that  need  to  be  read-out,  one  of  the  key 
components  of  the  ScintiMAM  system  is  the  mixed-signal  ASIC  chip  that  will  receive  the 
charge  signals  from  the  Compton  converter  and  calorimeter  detectors.  Using  an  ASIC  as 
compared  to  discrete  electronics  makes  ScintiMAM  a  viable  device.  Because  of  the  ASICs’ 
importance  in  this  project,  most  of  the  first  year  was  spent  on  the  development  and  testing  of  the 
RENA  (Read-out  Electronics  for  Nuclear  Applications)  ASIC  chip. 

VI.  1  Description  of  the  RENA  ASIC  Chip 

The  RENA  chip  is  a  multichannel  signal  processor  with  32  detector  inputs  and  associated 
signal  processing  channels.  Each  channel  consists  of  an  analog  section  and  a  digital  section. 
There  is  an  isolation  analog  channel  at  both  edges  of  the  analog  channel  group.  Care  has  been 
taken  to  isolate  the  digital  section  from  the  analog  section. 

The  following  is  a  description  of  the  analog  signal  processing  path.  The  input  stage  is  a 
re-settable  charge  integrator  where  a  test  charge  can  be  injected.  The  signal  from  the  input  stage 
is  switch  controlled.  The  amplified  signal  is  then  shaped  using  a  biquad  Bessel  filter  which 
approximates  a  Gaussian  response.  The  filter  is  implemented  with  a  gm-C  architecture  consisting 
of  transconductance  amplifiers  and  capacitors.  The  shaped  signal  is  amplified  and  peak  detected. 
A  sample  and  hold  switch  is  used  in  the  input  to  the  peak  detector  circuit  to  isolate  the  peak 
detected  signal  from  the  input  during  the  read  out  sequence.  The  threshold  detector  is  an 
auto-zeroed  comparator  used  to  detect  a  valid  trigger  level.  The  trigger  is  input  to  the  logic 
section.  Another  comparator  is  used  to  detect  channel  overload. 

There  are  32  control  logic  blocks,  one  for  each  detector  channel.  Each  channel  can  be 
enabled  or  disabled,  either  for  the  calibration  part  or  the  whole  channel.  There  is  a  72  bit  shift 
register  which  controls  several  of  the  chips  modes  of  operation.  Four  address  inputs  are  provided 
so  that  up  to  16  RENA  ASIC’s  may  be  daisy  chained  together  using  these  inputs  as  static  chip 
select  lines.  There  are  several  ways  for  a  channel  control  logic  to  be  triggered  as  enumerated 
below. 

1.  A  single  channel  is  triggered  by  the  associated  analog  signal  channel  through  the  IN(n). 
Simultaneous  triggers  may  take  place,  but  if  any  channel  is  triggered  all  other  channel 
will  be  disabled  by  forcing  ENTRIGB  high.  If  EXT=0  there  will  be  ~4  -  50  ns  delay 
between  a  channel  being  triggered  and  other  triggers  being  disabled.  If  EXT=1  the 
triggers  will  be  disabled  when  TDIS  pin  goes  high. 

2.  The  Control  Logic  triggered  by  an  external  SELALL  input  to  the  IC  which  triggers  all 
channels. 

3.  All  channels  are  triggered  by  any  channel  being  triggered.  This  mode  of  operation  only 
takes  place  if  Global  Trigger  Asserted. 

4.  If  Near  Neighbor  Enable  is  asserted  high,  a  neighboring  cell  will  trigger  the  logic  through 
IN_LPREV  or  IN_NEXT  in  this  mode. 

Data  is  read  from  the  RENA  chip  in  a  sequential  fashion.  A  triggered  analog  channel  is 
selected  on  each  read  pulse  edge  and  output  to  the  SIGNAL  pin.  Each  analog  output  has  an 
associated  address  that  is  output  at  the  same  time  as  the  analog  signal  to  identify  which  channel 

is  being  read. 
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The  final  design  was  simulated  and  verified  independently  by  NOVA’s  IC  design  consultants, 
and  valuable  corrections  and  improvements  are  adopted. 


VI.1.1  Construction  of  the  new  low  noise  RENA  test  station 

Photograph  1  is  a  photograph  of  the  earlier  version  of  the  test  system  PCB  board  where 
digital  and  analog  sections  are  all  populated  on  one  board.  The  analog  signal  section,  the  digital 
signal  section  and  the  reference  voltage  supply  section  were  designed  to  be  separated  for  isolation 
purposes.  Each  section  has  its  own  ground  plane  and  the  ground  planes  could  be  connected 
together  through  jumpers  to  find  the  best  combination  to  achieve  low  noise.  For  the  present  test 
station,  to  achieve  low  noise,  several  such  boards  are  used  such  that  the  analog  and  digital 
sections  are  populated  on  different  boards  and  installed  in  different  completely  shielded  metal 
boxes. 

The  new  RENA  chip  requires  a  very  low  noise  reference  voltage  supply,  VRI,  to  achieve  the 
low  noise  limits  of  the  RENA  chip.  It  is  necessary  for  VRI  to  have  a  noise  level  of  about 
2  microvolts  RMS.  This  reference  voltage  supply  is  vital  to  the  noise  measurements  of  the  chip. 
A  Hewlett  Packard  (HP)  spectrum  analyzer  was  used  to  measure  the  noise  levels  of  the  test 
station.  It  was  found  that  the  old  test  station  had  substantial  noise  problems.  The  noise  levels 
were  found  to  be  from  milli-volt  to  tens  of  microvolts  at  various  frequencies.  The  highest  noise 
source  was  determined  to  be  from  computer  RF  emission.  Figure  2  shows  the  block  diagram  of 
the  new  test  station.  Special  consideration  for  low  noise  has  been  applied  in  both  the  schematic 
design  and  the  Printed  Circuit  Board  (PCB)  layout. 


Photograph  1.  A  photograph  of  the  physical  layout  of  the  test  station  printed  circuit  board 
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Most  of  the  noise  sources  has  been  identified  and  eliminated.  For  example,  the  communication 
and  control  lines  between  the  data  acquisition  computer  and  the  test  station  were  entirely  converted 
to  fiber-optic  cables.  This  technique  has  eliminated  the  computer  RF  emission  problem  and 
reduced  the  noise  level  on  VRI  from  few  milli  volts  RMS  to  tens  of  micro  volts  RMS.  Application 
of  the  twisted  pair  cables  between  the  digital  control  and  analog  control  modules  further  reduced 
the  noise  level  on  VRI  to  about  20  micro  volts. 


Figure  2  Schematic  drawing  of  the  RENA  chip  test  station 


VI.1.2  Preliminary  test  results  of  the  prototype  RENA  chip 

The  new  prototype  RENA  chips  were  fabricated  using  the  HP  1.2  micron  p-well  CMOS 
process  through  the  MOSIS  service.  Photograph  2  is  a  photograph  of  the  prototype  RENA  chip 
die  where  the  actual  chip  size  is  4.14  mm  x  6.58  mm.  Several  test  pads  were  placed  on  the  chip 
so  that  the  critical  signal  paths  could  be  probed  using  a  probe  station. 

The  RENA  chips  are  mounted  individually  on  a  ceramic  carrier  on  which  only  passive 
components  such  as  bypass  capacitors  and  termination  resistors  are  placed.  Several  ground 
planes  are  used  for  RF  noise  shielding.  Photograph  3  is  a  photograph  of  a  RENA  chip  mounted 
on  a  dual  chip  ceramic  carrier.  The  ceramic  carrier  is  wire  bonded  onto  the  test  station  PC  board. 
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Photograph  2.  A  photograph  of  the  prototype  RENA  chip  showing  the  32  actual  plus  2  test 

channels. 


Photograph  3.  A  photograph  of  a  single  RENA  chip  mounted  on  a  dual  chip  ceramic 

carrier. 
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The  test  station  PC  board  is  enclosed  in  a  0.25  inch  thick  aluminum  box  for  high  quality  RF 
interference  shielding.  All  the  feedthrough  cables  and  power  supply  lines  are  carefully  grounded 
and  filtered  to  reduce  the  noise  to  a  minimum  level.  Photograph  4  is  a  photograph  of  the  test 
station  setup. 


Photograph  4.  A  photograph  of  the  prototype  RENA  chip  test  station  setup. 


VI.1.3  Functionality 

All  the  operation  modes,  namely,  Sparse  Mode,  Select  All  Mode,  Global  Trigger  Mode, 
Nearest  Neighbor  Mode,  and  the  External  Delay  are  functioning.  Figure  3  shows  a  typical 
oscilloscope  screen  printout  of  several  input  and  output  pulses.  In  this  figure  four  amplifier 
channels  were  enabled  in  which  one  channel  has  a  real  detector  attached  at  its  input,  and  it  has  a 
signal  level  higher  than  others.  Oscilloscope  trace  #3  is  the  RENA  chip  analog  output  signal. 
Trace  #2  is  the  Read  Enable  signal  and  trace  #1  is  the  Read  Clock  signal  where  four  read  clock 
pulses  are  visible. 
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A  minor  design  error,  which  prevents  the  Forced  Enable  feature  of  the  chip  from  being 
functional,  has  been  discovered.  This  error  in  the  design  does  not  effect  the  other  read-out 
modes  of  the  chip.  It  only  prevents  the  Force  Enable  feature  from  turning  on.  The  correction  of 
this  error  has  already  been  determined  and  two  prototype  RENA  chips  were  been  sent  to  a 
company  where  a  special  extremely  accurate  (at  1.2  micron  level)  cut-and-paste  technique  is 
used  to  correct  this  mistake.  The  cut-and-pasteoperation  was  succesfull  and  the  force  enable 
feature  functions  propoerly  on  these  chips. 


30-May-96  UTILITIES 


3.1  V  DC  ij  2  DC  2.0  V 

M  »  »£  □  STOPPED 

Figure  2.  The  typical  input  and  output  signals  of  a  prototype  RENA  chip. 


VI.1.4  Linearity  and  noise 

The  linearity  and  noise  of  the  prototype  RENA  chips  were  measured.  The  noise  at  the  output 
of  the  chip  was  measured  by  applying  a  pulse  at  the  Calibration  Input  of  the  RENA  chip.  The 
system  noise  is  determined  by  measuring  the  Full  Width  Half  Maximum  (FWHM)  value  of  the 
output  pulse.  Figure  4  is  a  plot  from  a  Multi-Channel  Analyzer  (MCA),  where  the  output  pulse 
counts  vs  pulse  height  are  plotted.  Since  the  RENA  chip  has  a  designed  output  offset  of  about 
1.6  volt,  the  lowest  output  pulse,  which  corresponds  to  zero  input  pulse  or  background,  starts  at 
about  1.6  volt  or  channel  210.  The  FWHM  values  of  these  pulses  are  about  3  channels,  which 
corresponds  to  a  system  noise  of  about  300  electrons  for  this  test  station  setup.  This  is  already  a 
major  improvement  by  a  factor  of  three  over  the  NOVA’s  prevoius  FEENA  chip  but  about  a 
factor  of  two  higher  than  the  design  value.  Therefore,  further  work  is  being  carried  out  to  reduce 
the  overall  system  noise  to  the  design  specifications.  The  major  contribution  to  this  noise  is 
believed  to  be  from  the  test  station  PC  board  and  not  the  RENA  chip  itself. 
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Figure  3.  Noise  measurements  of  the  prototype  RENA  chip  #4. 


Figure  5  is  a  plot  of  a  linearity  measurement  of  RENA  chip  #4,  where  the  chip  analog  output 
pulse  height  is  plotted  against  the  input  pulse  height.  The  slope  of  the  curve  is  a  measure  of  the 
chip  gain  and  the  deviation  of  the  curve  to  a  straight  line  is  a  measure  of  the  chip  linearity.  A 
linear  fit  has  been  applied  to  the  data  points  and  the  deviation  of  the  data  points  to  the  straight 
line  is  measured  to  determine  the  linearity.  We  have  obtained  a  linearity  measurement  of  4%, 
which  is  better  than  the  best  design  value  of  (5%). 


Figure  4.  Linearity  measurement  of  the  prototype  RENA  chip  #4 
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A  CdZnTe  detector  was  connected  to  the  test  station  and  irradiated  with  an  241  Am  source. 
During  the  first  trials,  when  the  noise  level  was  not  reduced  yet  to  the  present  levels,  the  energy 
spectrum  obtained  for  the  59.8  keV  241Am  peak  had  a  FWHM  energy  resolution  of  about  30  keV 
(Figure  6).  The  energy  threshold  was  adjusted  such  that  the  counts  below  channel  20  were 
eliminated. 


Am 


Figure  6.  The  241  Am  photopeak  measured  with  a  prototype  RENA  chip  and  the  original  test 
station  without  noise  reduction. 

Figure  7  shows  the  same  spectrum  with  several  noise  reduction  techniques  applied  as  described 
above.  The  FWHM  of  the  59.8  keV  photo  peak  is  now  about  9  keV,  which  is  about  a  factor  of  3 
better  than  that  of  the  spectrum  in  Figure  6,  where  no  such  noise  reduction  techniques  were 
applied.  Work  on  reducing  the  system  noise  further  is  still  going  on. 
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Figure  7.  The  241Am  photo  peak  showing  the  noise  improvement  of  the  RENA  test  station. 

To  further  improve  the  RENA  chip  test  station  a  new  test  setup  was  constructed.  Below  is  a 
description  of  this  new  test  setup. 


VI.1.5  New  Printed  Circuit  Board  for  RENA  Chip  mounting. 

A  new  printed  circuit  board  was  designed,  fabricated  and  tested.  This  printed  circuit  board 
replaces  the  ceramic  carrier  previously  used  for  mounting  the  RENA  chip.  It  was  especially 
designed  for  low  inductance  connections  from  the  RENA  chip  to  voltage  references  and  the 
ability  to  place  decoupling  capacitors  close  to  the  RENA  chip.  The  low  inductance  connection 
aid  in  keeping  the  voltage  references  the  same  (at  the  micro-volt  level)  on  and  off  the  RENA 
chip.  It  is  a  four  layer  board  with  the  top  and  bottom  layers  containing  routing  traces  and  the 
inner  layers  containing  ground  and  power  planes.  Photograph  5  is  a  photograph  of  the  above 
described  board  populated  with  a  RENA  chip  and  discrete  components.  This  board  is  used  in 
conjunction  with  the  same  analog  board,  described  in  the  previous  report,  that  had  the  ceramic 
carrier  on  it.  It  essentially  replaces  the  ceramic  carrier. 
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Photograph  5  A  photograph  of  new  printed  circuit  borad  for  RENA  chip  mounting 


VI.1.6  New  JFET  Probe 

The  RENA  chip  has  two  test  channels  on  each  side  of  the  chip.  One  of  these  channels  have 
test  pads  that  are  accessible  by  fine  tip  probes  mounted  on  high  resolution  manipulators.  Probing 
the  test  pads  is  used  for  diagnostic  purposes,  it  enables  one  to  investigate  each  stage  in  the  analog 
section  of  the  chip,  aiding  in  pin-pointing  any  problems.  Previously  we  used  a  low  grade  probe 
that  loaded  the  test  pads  with  capacitance.  These  probes  actually  modified  what  we  were 
measuring  and  injected  noise  into  the  chip.  New  probe  tips  and  a  manipulator  were  purchased 
The  probe  tips  consists  of  JFET  amplifiers  which  greatly  reduced  the  capacitive  loading  on  the 
RENA  chip  test  pads.  These  new  JFET  probe  tips  and  manipulator  dramatically  enhanced  our 
chip  diagnostic  abilities  and  eliminated  problems  associated  with  the  older  probing  setup. 


VI.1.7  New  CZT  Detector  Setup 

One  of  the  noise  sources  encountered  in  the  evaluation  of  the  chip  is  the  capacitance  as  seen 
by  the  input  amplifier  of  the  RENA  chip.  Most  of  this  capacitance  is  associated  with  the  external 
connection  between  the  detector  and  the  chip  and  the  capacitance  of  the  detector  itself.  The 
higher  the  capacitance  the  larger  the  noise.  To  reduce  the  capacitance  on  the  input  a  single 
3x3x2  mm  CZT  detector  on  a  3. 5x3. 5  mm  ceramic  carrier  was  purchased  and  mounted  on  a 
small  teflon  printed  circuit  board  that  contains  high  voltage  filtering  circuitry.  This  new  teflon 
board  was  placed  as  close  as  possible  to  the  chip  and  bonded  directly  to  the  ceramic  carrier 
through  a  1  mil  gold  wire  via  silver  epoxy.  The  input  capacitance  of  this  setup  is  estimated  to  be 
near  7  pF.  The  previous  detector  setup  was  at  least  twice  this  value.  As  will  be  shown  in  the 
next  section  the  reduction  in  the  detector  capacitance  made  a  dramatic  improvement  on  the  noise 

level  and  thus  improved  the  resulting  x-ray  spectrum. 
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VI.1.8  New  Test  Results 

One  of  the  most  revealing  tests  was  measuring  the  RENA  chip  output  noise  level  v.s.  input 
capacitance  load.  This  measurement  can  be  performed  in  two  ways:  1)  by  placing  a  capacitance 
between  the  input  of  the  chip  and  the  chip  voltage  reference  VRI  (located  on  the  PCB  board). 
Then  varying  this  capacitance  and  measure  the  resulting  output  noise  level.  2)  By  placing 
capacitors  between  the  inputs  of  adjacent  channels  (which  are  referenced  to  VRI)  and  varying 
these  capacitors  and  measuring  the  resulting  output  noise  levels.  The  two  test  setups  are  shown 
schematically  in  Figure  8  The  reasoning  behind  test  setup  2  is  that  the  relative  difference  of  the 
reference  voltage  VRI  between  adjacent  channels  should  be  smaller  than  that  between  a  channel 
and  an  external  to  the  chip  VRI.  This  difference  may  not  seem  significant,  but  when  considering 
that  VRI  rms  noise  levels  should  be  in  the  region  of  a  few  micro-volts,  it  is  significant.  Thus  the 
second  type  of  measurement  gives  a  better  evaluation  of  the  intrinsic  noise  levels  of  the  chip. 
Figure  9  has  the  results  from  test  setup  1  and  test  setup  2. 

The  results  from  test  setup  1  has  a  much  larger  slope  or  corresponding  noise  figure  of 
56  e“/pF  then  does  the  results  from  test  setup  2  (8.3  e"/pF).  This  is  an  indication  that  the  noise 
level  of  the  reference  voltage  VRI  on  the  PCB  board  is  too  high  and  estimated  to  be  9  micro-volts 
from  these  measurements.  Further  improvements  are  necessary  to  lower  the  noise  of  VRI  on  the 
PCB  board.  The  low  absolute  value  of  the  slope  from  test  setup  2  results  indicate  that  the  chip 
itself  does  not  have  noise  problems  and  that  the  noise  level  of  VRI  on  the  chip  is  about  1.3 
micro-volts 


RENA  CHIP  INPUT 
AMPLIFIERS 


RENA  CHIP  INPUT 
AMPLIFIERS 


Figure  8.  Schematic  of  the  test  setups  1  and  2  to  measure  RENA  chip  output  noise  v.s. 
theload  capacitance. 
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Figure  9.  Measurements  of  RENA  chip  output  noise  v.s.  input  load  capacitance.  The  figure 
on  the  left  is  for  test  setup  1  where  the  capacitor  is  referenced  to  VRI  on  the  printed  circuit  board. 
The  figure  on  the  right  is  for  the  capacitors  referenced  to  adjacent  RENA  input  amplifiers  (setup 
2). 

Further  measurements  on  the  gain  linearity  over  the  entire  operating  range  of  the  RENA  chip 
have  been  performed.  The  measurements  were  performed  by  supplying  a  pulse  to  the  test  input 
of  the  chip  and  measuring  the  voltage  output.  The  results  are  shown  in  Figure  10  and  indicate 
that  the  linearity  of  the  gain  is  very  good.  Also  of  importance  is  the  slope  of  the  linearity  curve 
which  yields  the  gain  of  the  RENA  chip.  The  chip  designer  estimated  the  gain  for  a  test  input 
pulse  should  be  12.  The  slope  of  the  curve  is  0.0124  (volts  /millivolt)  which  gives  a  gain  of  12.4, 
in  good  agreement  with  the  predicted  value. 


Figure  10.  Output  voltage  v.s.  input  test  pulse  voltage  gain  curve. 

With  the  new  detector  setup  (described  in  section  1.1.3)  more  spectra  were  acquired.  One  of 
these  spectra  are  shown  in  Figure  11  and  shows  a  marked  improvement  over  the  spectrum  in  the 
previous  report.  The  full-width-half-maximum  of  the  new  spectrum  indicates  a  noise  level  of 
about  400  e'  RMS  as  calibrated  with  Am-241  and  Co-57.  This  value  is  close  to  the  practical 
limit  of  the  noise  associated  with  the  detector  as  given  by  the  detector  manufacture's  specifications. 
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Using  the  calibration  input  of  the  RENA  chip  and  an  pulser,  the  noise  level  was  measured  to 
be  150  e-  RMS.  These  results  are  very  encourging  and  indicate  that  the  RENA  chip  noise  levels 
will  be  low  enough  to  accomplish  the  resolution  desired  in  the  ScintiMAM  instrument. 


VI.  2  New  Version  of  the  RENA  Chip 

Even  though  the  present  version  of  the  RENA  chip  is  functional  and  has  low  noise  levels,  it 
was  decided  to  make  another  prototype  version  before  going  into  production  with  the  RENA 
chip.  This  new  version  is  presently  under  fabrication.  The  new  version  will:  l)correct  the  minor 
logic  flaw  that  inhibited  the  force  enable  function,  2)  decrease  the  dynamic  range  so  that  the 
RENA  chip  can  better  resolve  lower  energy  gamma  rays,  3)  optimize  the  input  amplifier  for 
lower  input  capacitance  and  4)  include  an  additional  read-out  channel  that  can  be  used  for 
pedestal  subtraction  and  common  mode  noise  reduction.  We  expect  to  receive  the  new  prototype 
RENA  chips  in  August  of  1997  and  begin  testing  as  soon  as  possible. 


VI.  3  CdZnTe  Calorimeter  detectors 

The  CdZnTe  pad  detectors  that  will  be  used  for  the  calorimeter  have  started  to  arrive.  A  total 
of  8  have  arrived  and  tested,  of  those  8,  4  had  to  be  returned  because  most  of  the  pads  did  not 
yield  a  signal.  Of  the  4  that  were  considered  good  only  1  or  2  pads  out  of  32  on  each  detector 
did  not  yeild  a  signal.  Am- 241  spectra  were  acquired  and  the  results  were  similar  to  the  one 
shown  in  Figure  11.  The  CdZnTe  pad  detector  test  setup  consists  of  a  data  acquisition  and 
control  computer,  digital  interface  PCB  board,  detector  PCB  board,  charge  sensitve  preamps  and 
shaping  amplifier.  A  spectra  is  acquired  from  each  pad.  The  pad  is  selected  by  the  computer  and 
a  bank  of  relays  and  the  spectra  is  automatically  saved.  Testing  the  32  channels  takes  about  15 
minutes. 
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VII  Conclusion 

The  RENA  chip  development  has  progressed  very  well,  which  is  key  to  this  project  for  its 
sucessful  conclusion.  It  was  shown  to  functionally  work  and  low  in  noise.  Because  of  the  low 
noise  requirements  of  the  system  several  test  setups  had  to  be  constructed  before  one  could  be 
used  to  test  the  low  noise  limits  of  the  RENA  chip.  The  new  version  of  the  RENA  chip  is 
expected  to  perform  even  better  than  the  present  version.  This  new  version  will  arrive  at  NOVA 
in  August  and  testing  will  begin  in  September  and  is  expected  to  take  about  one  month. 

After  testing  of  the  new  RENA  chip  is  completed  construction  of  the  calorimeter  consisting 
of  RENA  chips  and  CdZnTe  pad  detectors  will  begin.  The  ceramic  carrier  for  the  new  RENA 
chip  has  already  been  designed, and  has  0.5  mm  pitch  input  pads,  so  that  any  detector  with  a  pitch 
of  0.5mm  or  greater  can  be  used  with  this  carrier  and  aligned  side  by  side.  The  Compton 
converter  silicon  strip  detectors  will  use  the  same  ceramic  carrier  for  the  RENA  chip.  Software 
development  and  for  data  acquistion  from  the  new  RENA  chip  and  image  processing  has  started. 
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